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CHAPTER I 


INTRODUCTION 


German Wartime Developments and Present Applicability 


It is generally well known that a significant 
effort of German science wes channelled into development 
and application of magnetic control devices during World War II. 
The decision to effect this effort was made at a time when 
there was no particular shortage of vacuum tube components. 
The motivation behind the move was ascribed to the need for 
more service reliability. Such reliability would presumably 
relieve an acute shortage of technical field personnel who 
were called upon to maintain electronic equipment. Contem- 
poraneously, a similar effort encompassed development of high 


speed machinery (1). 


Credit for the introduction of magnetic devices 
cannot go to Germany alone, since other countries, including 
our own, held a greater number of patents employing the 
magnetic device (2)(3). However, this wartime effort on the 
part of Nazi Germany is held to be largely responsible for the 


current renaissance of magnetics. 
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Philosophically, the same premium on technical 
personnel is with our mechanlzed society today, where control 
devices are an ever-increasing and integral part of the 
progressive automation of our peacetime economy. A rough 
index as to the extent of our need for technicians can be 
obtained from contemporary articles in the newspapers wherein 
the armed forces decry the loss of trained personnel of the 
technical fields to industry. For example, retention figures 


on electronic technicians have been the lowest, about 5%. 


Today's Problems 


One logical solution to the problems posed above, 
which will apply equally well to both national postures of 
peace and of emergency, lies in the development of current 
equipment to the end of achieving a built-in reliability and 
service ruggedness. This translation of controlled-environ- 
ment laboratory analyses into production line models is a 
continuing process today, in which the desirable properties 
of solid state devices such as magnetic cores, the titanates 
and the semi-conductors are utillzed to improve reliability. 
Also related to applications of the above named materials, is 
the move to the use of high speed rotating machinery. Such 
a move seeks to exploit the backlog of experience and the 
inherent reliability of the rotating electro-mechanical power 
modulator, at the same time condensing the volume of space 


reguired for a given power demand. 
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in this presentation it is desired to investigate 
& possible reliability improvement as applied to the limited 
problem of redar moduletion. Rader and other pulsed 5781:8 
are presently an accopted edjunet to sea and alr craft. Baste 
Gesign conelcerations for these eraft emphasize seonomy of 
space end operational relilebility. Hence, the applieability 
of more satiefactory solutions is germans. In the course of 
this investigation, it will be attempted te employ a high 
speed induetor alternator as the power source for a redar 
modulater using thin tape magnetic cores as switching devices. 
The investigation would seek te test the practicability or 
thess in replacement of vacuum tube switehing cireultry and 
power supply, both of which are potential weak linke in the 
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In accordance with the Instructions for Presentation 
of Theses for the Depertuent of Naval rehltecture and Merino 
Engineering, a deserintion of the inductor alternater and of 
thin tape cores as applied to thie subject is given ss intro- 
Guctory material. Similerly a description of the eireultry 
used is given. General problems of Import are discussed as 
background materiel,  .nsulng chapters deal with more guanti- 
tative information developed in the course of the investiaation, 
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Inductor Alternators 


There are two basic types of inductor alternators, 
homopolar and heteropolar. In the former the excitation field 
flux crosses the air gap in only one direction; there is a 
coaxial field coil and there is no flux reversal in the rotor, 
only a flux pulsation unidirectionally. An example is sketched 
in Fig. I(aj. In the heteropolar machine, the axis of the 
field coll is mounted diametrically, requiring a flux reversal 
in the rotor. Figure I(b) illustrates this type of machine. 
No windings are found on the rotor of either and hence no 
commutators or slip rings are necessary. The intent of the 
design is to create a time variant reluctance for the flux 
path of each winding, by use of sallency on both stator and 
rotor. It will be seen that as the rotor turns, the air gap 
flux is gated through each winding in sequence. The effective 
alternating flux density in the armature winding thus varies 
from a maximum, limited by saturation,to a value near zero. 
Hence, the effective flux density variation is about half that 
for a conventional machine. At sufficiently high frequencios, 
the inductor alternator becomes competitive with conventional 
alternator designs, since a large number of poles may be 
accommodated on the periphery of the air gap, and also because 
no electrical connections are required on the rotor. It can 
be seen that the frequency of the output follows the conven- 


° tional formula: 
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F = frequency LA crelos per second 
ATA => rotational speec 
p = number of poles on armature 





موو وا 


‚a examination of some ef tbe sellent linitetionz 
is relevant te the study of thie maching. few of these are: 

(1) Deering considerations commen to high speed 
meahinery, 

(2) Besring consicCerations pocullar to machinery 
mounted on a moving platform. 

(3) Bearing consider. tions peculiar to the LInducior 
alternator. 

(h) Meehenieal strength of the rotor material. 


The powor disaipatsó by e besring is given without 
derivetion, Wy "eotrofífte equetlon 9 
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r a journal radias, in. 

L ^ bearing length, in. 
N = journal speed, rpm 

c = radial clearance, in. 
K = constant 


From this expression it is seen that the heat 
generated in a bearing is proportional to the square of the 
speed. Two means can be employed to lower this loss, namely 
use of a lubricant with a low viscosity and increase of 
radial clearance. Since high speed bearings generally cannot 
accommodate deflections as well as other bearings, the extent 
to which the product r?L may be manipulated is limited. Air 
is successfully used as a high speed lubricant; the approximate 
ratio of its viscosity to that of a light oil is 1666. Air 
bearings have a low radial load capacity. 

This machine uses a ball bearing oil mist system, 


sinceits designed speed (22,000 rpm) is not too high. 


Bearing problems peculiar to mounting on a moving _ 
platfarm involves the gyroscopic moment. For a constant 
angular velocity, و‎ about an axis perpendicular to the 


axis of rotation, this moment is given by the formula (6): 
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shere i 


C 7 ggrosoople couple, in. lb. 

J 3 moment of inertia of poter, lb. im," 

wo : angular velocity of rotor, rad./5ec, 
A= au arbitrary constent anguler volocliy 
WN ° weight of roter, lb. 

k : radius of gyretíon 


It can bo seen that the bearing would be desigued 
for & radical loed propertlonel to the weight of tbe rotor for 
stationary mounting, sach bearing would support a lord en 


fellows: 
„ii 


here? 


(h) 


WV  weipt of rotor, lb, 
constant o£ design (1.5-,) 


el 


The tetal lorá on the bearing uben uped on s 
BOVINE baes zuch sa a arip Or alroraft is equal te the usuel 
stationary loas pluas tke gyrossople moment load, which le time 
varient. Combining equations (3) and (l) to get the totel 


loadings 
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Now picking a value for ship's roll which nicht 
bo realistic for a destroyer type, ená assusxiu: that the 
ship's motion may be appreximatec by a sine wave: 


0(4) > ه‎ cos E 
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T > 6 sec. (6) 


The maximum bearing laaú now becomes: 
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x 1072)‏ 1.35 د u ler Ei‏ 


Thug the second term in the brackets does not 
approach the first term until kû 8 large, or until 
large moments of intertia are Gealt with or until large 
rotational spoeds are encountered. This explains, of course, 
| why auxiliary ólesolo which ero high speed, are not mounted 


athwartehips. It boers on this problem at hand in that high 
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speeds are used with a bearing which is sensitive to 


redial loading. 


A final bearing consideration peculiar to the 
high speed alternator is that d.c. leakage flux finds ea path 
across the bearing clearance. The combination of this constant 
flux and the rotating journal forms a minusele alternator 
in which high local currents can cause pitting and accelerated 
wear of the bearing journal. The remedy for this condition 


has been to increase the reluctance of the bearing air gap. 


The mechanical strength of the rotor material 
ltself imposes a limitation. If we assume that disk theory 
holds (7) we mey write down the formula for tke stross ĉis- 


tribution in the moving rotor as follows: 


Br: Ep us (r? = pî) (7) 


oe, اق‎ pa? (p? - Ho rh (8) 


In which: oy. stress in radial direction, psi 
65 = stress in tangential direction, psi 
p = radius of interest, in. 
p  * outer radius, in. 
p è Poisson's ratio, .3 for steel 
م‎ + 28/386, unit mass density for steel 
نما‎ 


= rotational Speed for rotor, rad./sec. 
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Tre two stressos sro weatest where tho radies 
is zero, or at the center of the rotor, If we assume thet 
the rotor is made up ef a single housgenous material. "or 
steel, theee astresags become: 


Tye NEE ve z we x 10% (9) 
Cere V, is the peripheral speed, in./sec. 


For tra alternator used in thie presentation, which was 
run at a low speed, 9370 rpm, besawe of prime mover 111 سی‎ 
tions, wo evo for the stress at the centor of tbe roter? 


= 320% x ) E EEN 


= 1502 psi (net accountiíag for fillet and 
cornor offects) 


Conversely, allowla; a maximum stresa of 25,900 pel, 
the peripheral velocity ls sot at 9,150 in. /see. and the speed 


at 38,300 rp. 





fhe machine used nero la a 100 watt howopolar 
- induster alternator designsd to run et 28,000 rpm. 4 cutewes 
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view of the machine In shown in “ig. lI. High frequency 
machines, more common in the early Gays of radio engineering, 
sre applicable industrially today in induction best treatment. 


There are Gy stator teeth and 32 roter teeth. 
Brezs rotor slugs ere mounted betwoon the rotor teeth, the 
purpess of these being to improve the weveform by shorting 
out higher Trequsnsies than the fundamental. The field eall 
ig mountec coaxially and the flux path ls seen to follow 
axially slong the frame, radially across the alr gap, axially 
back through the rotor, again radlally across the second alr 
gap emi again axially to the field coil, Ths two rotor-stator 
Sections are offset such that the dentieulated geometry is 
eonplementary; thus the not air gap seen by the field flux 
8 a constant. cash stator tooth is wound with ll turns of 
#26 WG magnet wire; alternate stator teeth ere oppesltely 
wound, The field eoil consists of 574 turns of the sane 
wire. Lubrication is» supplied through an Alewaite Cil-Nist 
sutomatic lubrication system, model 4955D, Tho frame of the 
elternator ls mounted on e l ineh steel bed plete. The 
alternator shaft connects through a spindle to a belt drive, 
which in turn is driven by s ù horsepower Dumore Universal 
Motor, Mod. S021. 
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Rectangular Hysteresis Loop Materials: 


Por switching circuits in the present state of 
the ert, these materials may be separated into two categories, 
the ferromagnetic tape cores and the ceramics. The differences 
in properties of these may be illustrated in Table I, in which 


an example of each is given: 


TABLE I 


COMPARISON OF FERROMAGNETIC AND CERAMIC CORE PROPERTIES 








1-79 Permalloy 







(ferromagnetie) 






187-1118 ٥9 


(ceramic) 





It can be seen that the metallic tapes have 


generally low resistance, high residusl inductance and Curie 
temperature. The ceramics have opposite cheracteristics but 
have excellent high speed memory applications since due to 
-high resistance, eddy currents cannot build up. Switching 
times for the two samples chosen above are 10 and 1 micro- 


seconds respectively for a step current drive of twice the 
coercivity (8). i44 
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The ceramic cores, however, with a high volume to 
area ratio for mechanical strength end low thermal conduct- 
4157 are not able to dissipate heat rapidly. The 
lew Genie temperature in conjunction with this last named 
property causes changes in characteristics at high awitehing 
rates, To reduce edéy current effects, the tapes are reduced 
in thickness to sizes of the order of one mil. The 
Bel Characteristics of some of ihe commonly used materials 


ere given in Pig. III, 


Cores may be switeheé with flux drive (voltage) 
or with current drive, from one remanent state to the other. 
Generally the cument drive is associated with a higher coer- 
cive force. This value of coercive foree increasos with 
increase in the frequency of switching as a result of higher 
eddy currents end hence losses. The d.C. hysteresis loop 


corresponds to the minimun energy required for core switching. 


in this epplication, we are concerned with 


flux switching of the wound corse. Lenz! Law in 


~~ 


an integrated form applies: 


8 


© : -N d$ x 10 (10) 
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-NA — x 1079 
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Integrating from t *O to E at which tlme the 
core has changed state from one residual stedle stato to 
Saturation, WG haves 

€, 
“) « + 
, às v 1 Jo, -) | (11) 


a 


29 B max 


When the core is driven inte the saturated state, 
Lt acquires e constant permeability which is very enall. 


This leads to a value of inductanee of the winding of the 


saturated core: 


oi * 6 | (12) 


s J 2 $ 


(13) 


6٤ n 5 — , & constant 


۸ ® grea of core, square in. 
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nusber of turns 


moany longth of "torbbó", in. 
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Similarity to Switch Operations 


There is no single value ofp which is applicable 
to the core in the transition state from one remanent state 
to the other. However, if we look at the locus of operation, 
1.e. the hysteresis loop, we seo that for a tall slender loop 
a value may be assumed equal to Boffo as shown in Fig. III (a). 
This permits an approximation to the time variant inductance 
of the wound core in switching, Thereby, we have an approxi- 
mate gauge es to the effectiveness of the switch in the ratio 
Bad py oF Bal Pe „ This ts because this ratio is the 
equivalent of the ratio of the “open-switoh" inductance to the 
"slosedeaswitch" inductance in an impedance element made up of 
inductance alone., Melville (2) gives e figure of 2000 as 
desirable for this ratio for pulse cirouit application, 


Associated with the material of the core is 
@ maximum flux density variation, shown on Fig. III(a) as 


B (B 


- b, for our purposes). Since a lerge B. 


max.” ex. 
permits fewer turns on tho winding for the same voltage-time 
integral, 1.8. the same switching waveform. We would like 
to use a material which has a large Dags, consistent with 
other critoria. Having a smaller number of turns leads to 


a smaller saturated 0 
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Za energy losa, or cost ol switching for one 
cyclo ia given Ly the erea of the hysteresis loop henes 
we lock for ea material with the suollest coercive force. 
In addition to this, the transition to the saturated state 
should be e sharp chenge, e y WO سو‎ 
of the loop. Nota on "ig. IXII(b) that thie tramsition ie 
less pronounoec for cortain materials. 


She cyclic switch Cevoelopod hera is not exactly 
&nalorous to an erclnary switel Lo tbe rospect tat the vave- 
form hero determines the time of sultchiog in lieu of this 
tine being esteblished ty an independent mechanism. There 
i6 another degree of control ever the switching point ia that 
the core may be blessd externally from a d.c. current source, 





The greatost nubsrs ol operations! raders 
enploy a magnetron osellistor in the transmitter. Some 
typlosl cherecteriatica ape given Ln Fig., iV, for the 
Reytheon 2330. It will be seen in this figure that for a 
specified plate voltage thore is a specified deviation from 
ste operating frequency. Sinco whet goes out of o radar 
trenemitter must return 17 there i8 a target, the rocoivor 
must bo of sufficient bend width to sccept all eshoed out- 
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going frequencies. It follows that the magnetron should 

be pulsed with a squers voltage wave in orcer to minimize 

the recelver bandwidth. The bandwidth should be minimised 

in general, on a search radar at least, in order that the 
signal/noise ratio is acceptable, 4A wide frequency drift 

in transmission, without compensatory circuitry, would reduce 
the efective renge of the equipment. Compensating circuits are 
costly. Kodulator clreultry employs switching devices, 
cores, hard or gaseous tubos, rotery epark gaps, ete., which 
sre subject to extremely high peak currents anc voltages. 

It is at this point where an Improvement on the core device 
could schieve substantial caine in rellability. Cores havs been 
usec in modulation for years, the principle objection to 
their use in the past has been resultent peer pulse shape. 
Theo purpose of this investigation is to determine the 
advantages devolving from the use of coros in a cascaded 
cireuk for the purpose of Improvement of pulse shape, 

A diagram of the clreub used In thie investigation is 

shown in Fig. V. nis cireult wae developed and tested 

for a 290 volt output pulze (10) at a prf of 10 ke. 

Component values are derived in Sppondiz II; literal 
derivation of the proper values for the design Is 

detalled in Chapter II.  » qualitative explanetion 

18 offerred here preliminarily before more elaborate 
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The plecewlse linear clreult shown in Fig. V (e) 
is valid over the greatest part of tho pulse repetition 
period. This is a series a.c. resonant clroult whose natural 
frequency is that of the prf. A voltage transient charges the 
capacitor Co up to a value about threo times the driving source 
steady-state peak value, <At the first nogative peak of the 
waveform the biased saturable core SCl switches and the 
circuit of Fik. V (b) 18 valid for a porlo of about 
1/20 th of the pulse repetition perioé. In this tine the 
capacitor Go dumps its charge into the lumped capacitance 
of the artificial transmission line which makes up the 
pulse forming notwork. This is dono in a resonant surgo 
in a time determined by the values of saturated ۵ 
of 8261 end the two equivalent capacitors in series, Co and 5C, 
Tnis resonent surge of current causes the PAN te cherge to 
the originel peak voltage at Co at thefirat negativo poak, 
Atl this time the saturable core, 502, switebes to an effective 
inductance of zero, causing the charged tranamiseion Line 
to be terminated in Lts characteristic impecance aa viewod 
across the pulso trensformer input. The cireuit orf Fig. V (e) 
is valié for this case. Tre FFN lino then dellvers a rectan- 
guler pulse to the magnetron. The function of the demping 
diodo is to suppress peragitic oscillation caused by stray 


capacitance at the end of “he pulse. 
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With the forogolng ns preliminary background 1t le 
geen that rader modulation ig one phese of the field in 
which 551182111257+ immrovenent might be feasible. ‘Saturable 
gore reactors are used at lower pulse repetition frequencies 
with some disadventages, namely poor pulse shape, poor 
effieclensy and the necessity fror an alternating source (2) (11). 
An inductor-elternetor, eae high frequency olectro-mechenilcal 
power moduletor wlll serve as the power source for a full- 
scale modulator network developed previously with success 
at a 250 volt level and a different pulse repetition frequency (10). 
it if attempted te obtain a p.r.f. ss high as consistent with 
power limitations on the prime mover. 
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CHAPTER II 








Since in its present applicetion the alter- 
nator will be working in a repetitive transient mode, it 
would bo mathematically convenient to represent the electrical 
portion of the machine as groups of inductively coupled 
circuits. There will, in general, be inductive terms in 
the grouping which are constants anc those whieh will 
áepend upon rotor position for magnitude. Saturation 
effects are assumed absent and only first and second 


harmonic effects are considored, 





Figure II shows a view of geometrical relation- 
ships for one angle of rotor position which mey arbitrarily 


be called zero degrees. If we consider the two end sections 
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of the stator-rotor assembly as corresponding to two phase 
belts displaced by 120 electrical degrees, we may say that 
examination of one pole pair gives full information as to 
geome trical events occurring with respect to its phase 

belt. This same pole peir shows events transpiring in the 


other phase albeit displaced by the phase angle, 


Figure II shows the method used in winding 
the armature. Note that each pole is oppositely wound 
from its neighour. As the rotor moves it can be seen 
that the flux path for armature flux in a radial plane is 
identical at 0° and at 180°, having gone through a complete 
of geometry in this angle. Therefore, it can be expected 
that the armature phase self inductance will consist of a 


term as follows: 


Da e Lal t Le? cos 2% (13) 
Le = instantaneous armature phase inductance 
Lal *" constant component of Loa 
چم ود‎ zs variant component of Las 


6 * rotor angle in electrical degrees 


= 32 x 8 (€* mechanical degrees of rotation) 
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Similarly, for the mutual torm between field and each phase, 

as the rotor traverses a pole pair { f = 360°), the geometrical 
relationships go through one completo cycle. The air gap 
there varies from a minimum at f: 0° to a negativo minimum at 

Y: 1809, (where the rotor tooth is opposed to the oppositely 
wound stator tooth) and on to Fe 360° which completes the 


eyele. Thus: 


be, د‎ be + میم‎ 8 ۴ (14) 
Le = directionel mutuel coupling 
fron Fiol to armaturo (phase a) 


Leal > constent component of Le, (phase à) 


faa > Component with positional dependency 
upon rotor. 


(for phase 6ه ط‎ 1209) 


Tooth and slot relationship ere such thet the 
air gap path for the fleld flux is almost a constent. Thus 


there is no positional dependency for the field self inductance. 


Lee 2 be (15) 


å rather special case exists for the mutual 
term from the armature to the field. It may be qualitatively 


EE 


mpm 
Lasiwhamem) wid (Coir =Y) sip siog a sassoni sofos mile ss 
wa pe ma ainge maige me مه و و اسو‎ 

da minin wyldesse ۱ 9 ۲۰۰۱ ۱ نیم «وزم جوم و کم‎ 
— cel يموت لع موردوب بو‎ maion nit prade) یلو‎ ٩ 
00029 ت,-,‎ 90 old =° ei 5e kan (dant mapis وس‎ 
1 - — u un 

Mm E M: Af 22 
MN 42777 = e 5 وي‎ 

نا یی A BI) yû Da ouo Pate c‏ 
هن ٩‏ نا لہ اح داجس مپسا 
t — -2‏ جج رہ رت 


(*omi iba d روس‎ eil - € 

















| taso ama سس مهه‎ sete San تحت‎ : 
WEE NR ol ze, reg دې‎ uie 
| AAA A و‎ 





E (icc cmm y^ 


Zong الت‎ Reng A | 
dI اهمه بدا‎ 








envialoned that, due to the oppositely wound arnsture structure, 
there is no flax eemponent in the axial ¿ireotion due to 
erature current. Thus the mutual term In cancelled cut cue 
to zero linkage: 


Lea F at) a^ "r^ © (16) 


To thle point, the bress damper slugs located 
between rotar teeth have been happily ignored (sea “ig. II), 
The function of these bare la to írprove the wave fora by 
shorting out higher frequency components. “or n 000-72 8 
mode of operation for the alternator, it misht be Feasible to 
mekeo a point by potnt calculation of the net air gap flux 
oy grephiosl solution of La Flaca!s Sguetion in the air 
gap. ¿ocel aroas of saturation, if ery, could to eëeerged 
end thereby e guentitetiyo enelysis of tho air cop [Leid 
attsined, nis method might gieo have value In the transient 
— ۱ 


Tho enslogy might be made thet Gage Jasper slugs 
ere giniler to emortissour windinge, which windings are 
ignored in some analyses of synehronous machines. Dere, 
however, the slugs occupy a considersble sector of air cop 
periphery. 
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Replecement of the demper slug by ھ‎ 31408 
winólng is a poselbility. Se unique current path is present, 
تہ‎ ) ۰> 


The ensulas presentation w111 ignore the 
presence of thess damper zluge for the time belng and will 
check those effocts in ¿ata ovaluation. 





“lth the forezolug sssuptions the forne of 
inductenses heve been defined. It Is now feasible to write 
Gown the electrics! equations for the machine se visualized 
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De" & Lie In beta 268 (Y + 120)|- 


en) EM + pbp 58 (24 ao") (19) 
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Field voltaze‏ ~ مه 
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Since the phase voltsges are not to be used 
directly in application to the modulator, a new voltage 
is ĉefine below which is the difference of the phase 


voltages. A like treatment Is made for the currents: 
e. s e, = و‎ (20) 
Also, from symmetry it is assumed: 


x Lb 1 ہہ ` لم‎ (22) 


Therefore, equations (18) and (19) are combined 
below. The constant terms of the mutual of field to arna- 


ture are reteined since sign has not been defined: 
G KS A o 
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=A LM - E bx feu, + Bias cos (24 30) 


dt Ge] npa = Len + ipag cos (P ~ 30] 
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If tho simplifying assumption 15s made that the 
second harmonic term is of negligible importance, which 


may be justified later and also using p for the operator & $ 


0 
ex^ Pig) Em = Li + 13 ويرد‎ vos (02309) - 1, 122, 4 Pisar] 


(2h) 
If tho field excitation 1s supplied from a 
constant current source, alternator behavior may be 
described as follows if constant speed is asaumed, (the 
phase angle is dropped): 
ده‎ Ep [oi eta (e)] 4, (aR + apt, 5) (25) 


The procedure to bo followed lator will be to 


evaluate the various constants of the machine by conventional 


methods and to thereby provide a check on the loregoing 
anelysis. 





The next stage in the design of the full scale 
magnetic modulator is to expand on the overation of the 
cireultry to be used. As mentioned in the introduction, a 


low voltage model of this basic circult was operated 
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successfully in Reference 10. A review of the mechanics 

of operation of the circuit le iu order for this presentation. 
For convenience in anelysis, there ere three plecewise linear 
epproximetions to the cyclic operation. These are shown in 
Fig. V and are in order, the cherging circuit, the inter- 
mediate discharge circuit and the final discharge clrcult. 


Charging Clreult 


In the charging portion of the syele, the alter- 
nator causes the voltage on Co to rise in s conventional, full 
eyele, a.C. resonant cherging mode. (11) The piecewise linser 
circuit for this mode is valid over the greatest part of the 
cycle. “reo inductor 3 ls placed in series with the luternsl 
inductance of the alternator to bring the series LO combination 
to the proper magnitude for resonance. It is possible, with 
no limitations eas to choice of other circult components to 
maten Cy to the Internal inéuctance of tbe machine, | In 
the case at rand, the pulse transformer turns ratio wae 
Limited to 1:5 which in turn imposed another constant through 
the pulse forming network. | Rote that the circult ls considered 
to be open to the right of Co duo to the high lmpedance presented 
by the first saturable core. Starting with the alternator 
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voltage in La Place notatlon; operating on the circuit. 
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The time domain response therefore consists 


of a sum of a damped sinusoid pulls an undamped sinusoid. 


Comparison with Undamped Case 


For the undamped case it can be shown (10)(11) 


that this voltage across the capacitor increases by a 
wK 
دیا‎ 
The effect of damping, X 4 O, in the Equation ( 3 0)1s to 


quantity at each succeeding positive or negative peak. 
decrease this rise since the *X turn corresponds to multi- 
plication by a decaying exponential in the time domain of 
the steady state sinusoidal turn. If the damping is 
negligible, there is little effect on the first few peaks 

of the time domain response of the a.c. resonant waveform. 
The criteria for negligible damping might be defined as 

that value of A corresponding to a damping ratio of one 


tenth. 


(31) 
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The Instant the firet saturable core goos invo 
saturation the plecewise linear clrealt ef Latermediate 
elscherw, shown ln ‘ig. V, applies. The Seaction of this 
eiroult is to transfer the energy of the charged C, to the 
Pulso corming Fotworkz; not only must thie ebarz be transferred, 
but it must bo transferred in a minimum emount of time, cone 
Sletent with Limitations imposed by the celay line which 
form the PTU, The reason thet this minimus of rieo time la 
Specified is that it in desired to keep the mewer of turns 
on the second setureble core to 6 minimum, if it is remembered 
that the impedence of thie second weund «ore ia proportlonal 
to the square of the number of turns, it can be sean that a 
large impedance will cause pulse distortion. A faster rise 
tinse permits fever turns for the same voltage pee. The 
lumped capscitanes of the FP, SC, Le substituted for ite 
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five stage distributed capecitance C, e substitution which 
is valid when the major frequency components of the cherging 
wave fora are well below the "cut off" frequency of the 
artificiel transmission line given by: 


m 


inductances per stare 


e 
n 


1) 


capacitenca per 78068 (33) 


Note that the current consists of that portion 
contributing to PPN charging and a second tern, -—" the 
magnetizing current pageed by the second core, due to its 
low impedeanse. The mechanism of this transfer ls under- 
stood by reverting to LaFlace notations far purposes of 


simplicity the magnetizing current of 35082 ls considered 
constant: 


e- ~ (34) 
Bez انا‎ d 
۳ 1 WË )35( 
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whore: H H,, the coercive force 


N 2 number of turns 


p 
و“‎ 


mean core length (en) 


In > "magnetizing" current in amperes for 
the second core 
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WJ ۱ 
PA 
LE ۰ è 
SE 


Era? rc] Läb It + pa. أ‎ 
pfn 250 | m 8 Sch (5° 4 2 1 2 (37) 





where Le = saturated inductance of first core 


50 ` lumped C of 1 


I = La Place transform of current in ineuctance 
X fn z La Place transform of P/N voltage 
In the tine domain this voltage is: 
C i 5c. C 
a "e O 5 / -i . 4 
pn?) د‎ Poop par (i cos ult) سے‎ (is ہے‎ 
b Lea T 


sinw t (38) 
56 (6, t5€)  , 


This voltage maximizes at بلك د نا‎ 8 which 
1$, of course, the time at which It is desired to have the 


second. core saturate. 
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The term wis of the order of 10° rad/sec 
end this fact gives justification for dropping out the 
last two terme of Equation (35) if the time interval 
considered is small (Vx 10”°/see). The magnitude of 8 
first peak le: 


0 


hofüp" 2 Zeep gege: )39( 


From conservation of energy, fer complete 


energy transfer: 


dee, (op)? = + 5 (Agp) (40) 
2c E 
0 
وه‎ ^ p a ye 
€, * 5C (41) 





The saturation of SC2 effectlvely puts ع‎ 0 


termination across the charged artificial tranemiseion line. 
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Sineo the refloecilon ooeffloclent 18 zero at the magnetron 
end and unity for the open end, a rectangular pulse of 
duration 2 x 5 x Jee seconds, is delivered to the magnetron, 


of amplitudes + volts. ‘The pulse transformer is 


“gop 
assumed ideal and the impedance of the second core is assumed 


Zoro, 


Due to stray capacitive effects, spurious 
oscillations occur {if the damping diode is not placed in the 
magnetron circuit., The dlode causes these oscillations to 
dampen out. 


The apparent resistence that tlhe magne tron presents 
is determined by the operating point set by the pulse of 
voltage. This apparent resistance is sketched in Fig. V. 

This resistance is reflected across the turne of the pulse 


transformer. 
The output of the magnetron is led to a matched 


7/8" coaxial line which is in turn matched to a resistive 
load, 
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CHAPTER 111 


RESULTS 


ihe modulator system design procedure is giyen 
i Appendix 1I. «4 schonstic of ihe overall system 1s 
presented in Fig. AV. Fhotographs of individual components 


are presented in ensuing figures. 


Results and curves of data will bo presented 
for these individual system components in the order in which 
they wore taken. Explenetory comment is ineluced as to the 


means of measurement, [or the purpose of ovslusting the 


data. 





Thess two curves are plotted against field current 
in Fig. VI. for varlous speed levels in the modulator, Speed 
was measured by using a GR Type 6315 Strobotac which was 
calibrated agsinst a Tectronix Type (1 006110800 20, The 
voltages were measured with a Voltohmyst kV97 . electronic 
voltmeter and currents were measured with this meter ecrosa 


a fixed 10 ohm resistor, The object of the “oe plot is to 
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aogsasure the mutual of the flelé with respect to one phase 
belt, Phaso voltages vere observod to be balanced within 
small wesSuremnent errors. The field wae excited by a cOn- 


stant current source. In ell casos the flelé was oscillated 


for the purpose of ebtsining se noer a value of zero as 
feasible for the indweed veoltags, cue to residual nagnetism 
in the stator. it wes déier geg thet the regicual megnetic 
effect for ihe volisge seross both pheses could be en high 
es 200 volta at 5 he. ‘This pesidusl effect La noticed la 
that all curves cannot be extrapolated to the same point}; 
nota the irreguler spscing. The object of tke I gẹ plot le 
to establish the synchronous impedance caused by Ry and be 
This was moestred over an operating range meer 5 ke to give 
an index as to damper bar effects. | 





Figure VII shows a plot of the inductive effect 
oz verious windings due to the anglo variant component of 
inductance, at 5 ke. The plot lives an index aa to steady 
state evaluation of ar&eture constsnts. ۸ constant current 
source proviced excitation for one phese belt of the stator, 
while the rotor moved at the speed corresponding: to 5 ke. 
The slternating voltage generated in the armature was maasurol. 
This wes found to be a second harmonic component solely . 
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TRANSIENT WAVEFORMS 
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Note the magnitude of the second harmonic effect. No field 
voltage change was observed nor was any voltage change 


observed in the second phase belt, 


ient Lffects 





The effect of a step of voltage on tho alter- 
nator field as felt by one phase belt is shown on Fig. VIII 
and Fig. IX, <A time constant of .119 seconds was observed 
at 5 ke. ثم‎ full load short circuit current test was made 
and the waveforms of this are displayed with those of the 
field transients, on Fig. IX. The sctual photostaty copies 
are poor in the respect that for the field step it was 
Gesired to place both voltages on the same time scale. Since 
the alternator output hes a frequency of 5 ke, the armature 
waveform is blurred. In the case of the short circult 
current test, the waveforms were placed on a fast sweep on the 
Dumont 322 oscilloscope in order to retain the identity of 
the armeture waveform. However, the film speed was not 
sufficiently fast to register the waveform distintly for 
Poproduetion. For this reason the peaks have been sketched 
over for clarity. A time constant of about 150 عم‎ 8 
noted for e group of photographs. This figure was computed 
by assuming complete decay in five time constants. More 
quantitative data on short circuit response would indicate 


amore sophisticated technique in phasing sweep and switch 
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closuro times. ند‎ 21515 zwlich wes ugod here within ons pole 
wes Gisplacod so kg to trigger the sweep before the ahort 
circuit wes made, 





2 60 eyele "static" test of field to armature 
mutual inductance was made, The resulting curve ig shown 
in Tig. A, Both phese belt voltages were used in the 
computation of this mutual Which le s function oi rotor 
postition. This Ls termed a "static" test since tie rotor 
was hele fixed st a known angle while the ermatare voltace 
was measured, The mutual incuctence ls Ccerived from this 
term. n analysis for harmonics wee performed by numerical 
methods and this procedure is given in ppendix I. The 
fifth harmonic fe the most pronounced at the static test, 
having e negnitude or about 117 of the fundamental,  - 
separate "iynemie" analysis ves performed using the 3 
Wave Analyzer, Type 736°. This has en upper limit on frequency 
16 ke, henee 1t wae nesossary to operate below 3 ke for 
harmonio cetermination. It was first assumed that the woye- 
fern would be a function of rotor displacement. A comparison 
of the results of the two means of measurement is given in 
Pig, 1. In general the static harmonics we higher, than 
when the meesweononte wero taken with the rotor turalng at 
the fundanental frequency. 
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^ KOO eps "static" test was performed on the 
mechine. The resulta of this test ere given in Jig. LI. 
The purpose of the test waa to verify the forms of Lladuc- 
tances as hypothesized in Chapter II. Note thet there is © 
constant term and a positionsliy-depencent term for each 
induetenco. Note that there is no correlation in magnituce 
between the 60 eps statio test snd the LOO eps test. (In 
both the magnitude of exciting current was the same, 500 ma.) 
Note the small second harmonic waveform of ihe self induc- 
tance of the ermature.phese belt. 





t summery of the losses of the machine is shown 
in Fig. XII, The value of full load current wes chosen 
arbitrarily on the bests of 650 v(rms) .G15 a(rnms)for a 1400 
watts rating. rmaturo resistaneóo was found to vary fron 
ebout 79 ohms to 90 ohms, dus to heating ۵20۵46 8 
An estimated accuracy of 10% 15 given for these power 
figures. These losses wore ebtained by measuring the no 
loed power consumption of the Dumore motor az a function ef 
Speed, with the resistence of the motor armature., By 
measuring total power into the alternator=-motor systonm, and 
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epplying motor losses, the power consumed by the alternat r 


was attained. 





example of the mê t hed used to wêagure hysteresis‏ ها 
loop constante at froquencies 26 Ex u ke is shosa in Pig. XET‏ 
The coro was current eriven from ine alternator. Voltege and.‏ 
curpeat weveforms woro taken (Pig. XIV). These wero trans-‏ 
lated ints the 5-18 Charasteristic, 7 somewhat low value for‏ 
mex i sun flux density was measurec 4 the firat stags core,‏ 
this method, 04 permeability values were tasen‏ — 
by ®laslog the core into saturation by means of e bias winding‏ 
۵٥۵ developed by this wining.‏ ا end by mensurement of the‏ 





Based upon the evaluation of constante Illus- 
tratec in the foregoing, snc upon tie moculator cesign 





procedure contalned in Appendix II, a magnetic modulator was 
febriceted for operation from ea 5 ke pulses repetition freguency. 
The system schematic is lllustratec in Fig. XV. ^ Binks eir 
compressor furnishes ۰ supply Tor the oil mist system. The 
eharging eepaoitor, C,, 18 .0075 yf. This is charged by the 
incuetor alternator throusk an external inductor, 130 mh. 

The first stage core, an ¿rnolé 539711, is wound with 709 

turns of (13 heavy formvar insulated copper wire, The bles 
winding is 50 turns of £10 heavy formver insulated copper 


wire. 55 
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The dolay line inductance is 6.659end the 
capacitance is .O015 yf. The second stage saturable core 
consists of 3 stacked 50003 Grthonol cores wound with 70 
turns of $15 DP, copper wire. 


Waveforms observed with the modulator are shown 
in Fig. AVI. Vacitation was TOO ma. Pesak veluer of voltage 
were measured scrogs voltage dividers made up of series 
capacitors, The voltage dividers were calibrated with a 
Hewlitt Prekará Fulse Generator on a Tectronix 515D scopo. 
It wili be noted that the first core is saturating prematurely, 
Biles current on the first saturable core was .71 amperes. 

A spectral analysis of the megnetron output was attempted 
using a Type 107 Spectral Analyser (Sy?vanie). The spectrum 
wer quite unstable and was not photographed for this reason. 
A standing wave voltage ratio of 1.05 was observed using a 
TS-12/AP Stending Wave Indlceter. 


Detailed photographs are listed on figures following 
Fig. XVII which point out details of components. 
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CHAPTER IV 





From the velue of open circuit voltage per phase, 
Fig. VI, it is found that a per phase mutual of 15.2 mh 
applies over the renge 2.5 ke to 5.5 kc, This value is constant 
within the tolerances of measurement errors, estimated at 5%, 
Prom the values of Lee end Lee can be found an impecsnee made 
up of internal constants of the ermeturo, If it may be allowed 
to ekip to the value of internal resistanee, DO ohms, ob- 
tained from power input measurements, it Ls found thet the 
apparent self laductanes of one phase inereesee from 3.3 uh 
at 3,5 kc to h.2 mh et 5.5 ke. Since the second harmonic 
component of the self inductance is sesumed negligible (to be 
verified) it is assumed thet this rise of 25% in the value of 
self inductance, is due to the effect of damper bar coupling. 





f straight line approximation for the self inductanco 
of an armature phase was made for the case of the second her- 


monic component of La’ namely L This gave a value for 


ane’ 
this term which was 7.5% of that of the constant self in- 
ductance. The net inductive effect would be 15% singe 1% Le 


a second harmonic term. enee, it is felt that the omisalon 
J9 
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of this term is justified fer first order purposes. 





The inductance of the fleld winding was determined 
to be .27 henry. Its zero frequency resistance was 35 ohms. 
This givee a predicted time constant for the winding of 
«0977 soc. The transient observed for a step input of 
voltage on the field contained a timo constant of .119 sec. 
This disparity involvos a factor of 15. An explanation 
available here lies in the coupling due to the demper bars. 
This is a large problem to quantitize in the steady state 
condition, and is larger for the transient condition. 


Sketched on Fig. VIII is the predicted waveforn 
for the armature phase, obtained from taking the instantaneous 
extitation current and applying the field te phase mutual. 
Thig predicted curve falls within 10% of the plotted wavefom 
observed, allowing for romanent flux effects. It is felt 
that the 10% difference is at the accuracy mergin of the deta. 


Por the short circult current trensient the time 
constant mey be computed for an inductance of | mh and a 
resistance of LO ohms, as .0002 sec. This value of 200 miero- 
seconds ia near enough to the experimental value to 183 ٥ 
the observation that the internal constants of the armature 
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winding elone govern for the case where the terminals of 
this winding exo short cLreulted with sere current in then. 
cor ths ceso where current is in the armature et the Instant 
of cloeuro, د‎ more somplicerted explanation te probably 
required due to coupling with the damper Lars. In ang event, 
it is felt es a result of those preliminary probings thet 
if this point is of importance for some contemplated farm 
of operation for tho alternador, the dynamic reepanse must 
be assespec by use of refined Bcope techniques which permit 
exemination of the weveforma et intervals of lO nicroseconda 
following closure, Yar the mode cf operation used la 

R.Q. trongient resonant charging, the current la almost 
sero at iho instant the first stazo setureble cere fires. 


The "dynamic" test for harmonic content with the 
une of the Gi. “ave /nelyser seems to show that tha dampor 
bere have performed the Intended function, namely to ) ۵ں‎ 
the steady stete waveforn. 

General ome o£ lntuckegeon 

Tho resulta of the 400 opa “statie” test doos 
verify tre gnelitative prediction of the forme ef inductances 
mace in Chapter Il, Hote thet the phase displecement of the 
two mutuals, wlth reference to the respectiva content 
comonent of each, is 120°, The value of mutual here 
Obtained La apparently uaelees, since it differs from tiw 
velues obirineó by ustag ether frequencies. No correlation 
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of the values of inductances obtained in this "static"test 
procedure was noticed as various frequencies were used. In- 
desd, the values obtained for « specific frequency varilec 

with the level of remanent flux. vor quantitative measurement 
of these inductances, the value of incuctences were taken from 
the operating scheracteristica of the alternator. 


Rechine Losses _ 


it is apparent that the machine is net too 
efficient ( less than 64% effieiency at 5 ke full load). 
It might be expected that considerable heat would csvelop 
25 a result of 200 watts internel dissipation at > ko. 
However, guch is not the case. The ollmist system keeps 
& continuel c@lant flow, of course, and 14 is deduced 
that herein is the reason why the machine does not host up. 
At no time in the course of this investigation did the 
alternator show signs of overheating, altheugh both air 


compressor motor and prime mover motor were constantly 


running hot. 





This ig a yery interesting subject for whieh the 
reader might be rewarded by a cursory look ai (9) (Trodustion 
Testing of Magnetic Core Materials, ^ir. Conf. Paper, 6/5h) 
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The reason thet current Grive wes selected here was because 
it was the eselest to realizo; however, current drive is 
not a bad chefee since flux rivo has been erlticised cus 
to time varlent random inconsistencies in repetitive oper- 
ation. Since tie maximun flux chenge is the salient Ltem 
of interezi in the hysteresis loop, any legitimate means 
woulc preaumably give receptable results. With regards to 
overcivs force pre-cetermination, it Le doubtful Lf the 
current drive produces a valid quentitetive figure for 
this; it iglikely to give e higher quantity. This pre- 
determination, however, ls ef second order importence to 
moculation in any event, since « well-desiened eircuit 
would provide means for adjustment of this blas. Army 
vallá metros of checking saturated permeablilty would also 
be aspplicsble te the problem at hend, 


Tulse Shape | 


2 Casuel glance at the waveforms obtained in 
Mig. AVI will lend credence te a statement here that 
waveforms could stand vast improvement. A word ef 


explanation 18 in order for these waveforms is in order, 


the criterion to be settled first was felt to be 
the voltage magnitude relationship, to wit, 5 kv at the 
cathode of the magnetron. Therefore tho exoitation was 
adjusted to give the 5 kv peak voltage at this output. 
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When this was done, the volt-time integral of the waveform at 
Co had exceeded the ability of the turns on ¿C1, the first 
stage core, to firo et the repetition frequency; saturation 
wes occurring prematurely. Sinee firing occurred at tre pesk, 
where the first derivative has a low value, the value of 2 kv 
was correct. This particular core cage had been burned from 
overheating in a previous moculator model tested earlier and 
1t is possible that Its maximus flux swing bad altered since 
the series of test runs, It wes tho burning which prompted 
the use of oil immersion on both cores. 


Therefore, thore are two series of waveforms show 
in Pig, AVI, The lower left two waveforma correspond to the 
waveform of L,) (t) shown at the top. These three correspond 
to 5 kv at the magnetron cathode, Note the premeture saturation 
and its attendant effects reflected into following circulta. 


Ixoltation was then reduced to 1.5 kv st the 
magne tron which reduction sliminated the prematurc saturation 
of «1, ho lower right hand waveforms of ‘lg. XVI resulted 
from this change. These show s pulso riso tine of ebout .3 
microseconds, a flat portion of about .Ü mieroseconds and s 
ramplike fall off of about 1 microsecond. The lest could have 
been stecpened somewhat by trial and error tuning of stray 
elements. These pulses ere quite satisfectory in shape, bat 
mot in peek megnitude since the reduction in voltage has 


placed the magnetron in the unstable region. Hinor local areas 
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| es e result of 





on the pulse were noted to bo fuzzy perba 
the use of the eight stacked cores at £02, 





The sim of epectral anelysis had been to use tho 
output spectrum as a criterion of pules shepe. Keme, if a 
spectral onvolope of sine (x) / x coulé have been obtained 
with an inporíect waveforu, due to net internal effocts, 8 
better Index es to system performance weg at hand then that 
given by pulse akapo alone. 


A standing wave ratio of 1.05 was achieved by 
adjustment of the termination; howsver no stable spectrum 
wes retained. This is not unreasonable sinees it could bo 
expected that tho 5 kv voltage trigger (1.6. the left hand 
pulse series on Mig. AVI), contained spurious oselllations 
caused by the train of parasitic spikes. For the right hand 
sot of pulses, the peak voltage is about 4.5 kv which places 
the operating point in the shaded ereer ol Fig. IVY. Thus it 
is apparent thet if good spectra were to be obtained, Lt 
would be accidental. 
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Pron the foregoing it Lg eonsluded that: 


(a) 


(5) 


(6) 


The core should be ofl immersed for temperature 

control end stability. Melville (2) used o11 £muerslon 
for both dlolectrle propertles and for cooling on 

4 modulstor operating at 1500 eps. Per a Tlelä 

model, this coul Imvolvs packaging in a finned 

۵11 casing so that the heat dissipative surfeoe 

cen be proportional to volume. 


The inductor alternator efficiency ls marginal for 
this speed. The basic concept of ihe uso of the 
inductor alternator bere is sound aná practicable 
in tho eontrolled-environment stags. For high 
frequency power pensretion, there sppears to be 
potential voluse gaíns but euxiliary besring 
equipeent (i,o, the alr comprose) should be tn- 
tegrated as an essential part of some other portion 
oP tha overall syeten, thus tho bookkeeping costas 
anc volume of this perasite system would be split. 


The megnetie modulator is e sound and practicable 
enswer to the problem of rader moduletion reliability 
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improvement. Core secentricitios at the production 
level might be handled enalogoue to present means of 
produetion calibration of the quadrature field of 
the G.Z. emplidyne, nesely the hard engineering 
thought embedied ln the comment, “after all 
analyses aro finished, We still have a turn or two 
to play with.” 
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FIG. XVI 
EXPERIMENTAL MODULATOR 





FIG XIX 
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Tre following stones are a few of the many whieh might 
be turned to sgalat in e proper understanding of the use of 
this modulator system: 


(s) los 


(5) 


(e) 








stage switch may be questionable in that s elosner 
pulse without minor fussy areas wight be achleved. 
The use of aight cores here was for the purpose of 
meeting the volt-time Lntecrse] requirements with 


the "lonst-industanee" solution, 


The possibility oi a more complex lumped perameter 
sot of clreuits exists bere to account fer the 
damper bers, Note that the disparity in the field 
time constants so predicted and as observed, can be 
caused by currents in the damper bers. 
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This incluces a higher powered prime mover to enable 
operation a& higher pulse repetition frequencies, 
where uso of the machine would be more advantageous, 
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(d) Operation lower duty ratio on the r | 
A shorter pulse width to bring the duty ratio on 
the megnetron down to about OGIL would be desirebic 
fron practical censideraticons, 
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APPEZLIX II 





Power considerations on the prims mover Dunmore 
motor, dietatec the choice of a lower prf tkan was originally 
planned. It had beer hoped that a prf of 10 ke could be 
atteined, but it will be noticed that the ae load retationsl 
losses of the alternator are quite high. with s peak power 
of 15 kw at a prf of 5 ko, there ls n duty ratio of 1/200 
for a 1 microsecond pulse, This gives an average power of 
75 watts.  ^ssumingz a modulator efficiency of 50% (10), this 
means that 150 watts of average power must be supplied from 
the alternator, At 5 ko the no load losses ere approximately 
190 watts ss plotted in Fig. XII. Therefore this frequeacy 
wes adopted for the full scale test, since Lt appeared to 
fell within the limitation of the £ hp motor used to drive 
the alternator, 


The Raytheon Fackage Meguetron, 2338, was chosen 
810060 it wes operative on low peak power of 15 kw. The 
operating point 1.95 kv at 3 amp. was selected, at 32CO me. 
Thue the epperent magnetron resistence was fixed at 1.65 K, 
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It would nave been desirebio to have obteinec a pulso tranz- 
former with e turns ratio in the neighbourhooó of 1:0, however, 
the saximum avallable wes 1:5, Thus the resistance reflected 
seross to the pulse forming network waa 1.65 x 192/5* or 66 
eins. Since this value set the characteristic resistence of 
the ertificial delay line and since the pulse duration waz 
fixed ot 1 microsecond arbitrarily, the parameters of the 
Gelay line were preacribed when the number of stages wee set. 
This was fixed arbitrarily et five. ith the number or 
stages sei at five, the eler Gap stage for the PrN woe fixed 
at 1/10th of a microsecond. Thus the two simulteneous 
equations were established: 


NE = .12 10% seconds 
V-M- > L5 ohms 
€ > „0615 mlerofarads 
L * 6,68 microhenrtes 
From Chapter LI it is seen thet Ge is epecified 


mow as 50 or .0075 mierolarada, fox resonance it Le aecos- 
gary that the formule be setisfiod: 
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6.20 x 5 x 103 
vue, 


or Lt L, = 135 millihenriosg 


Note at this point that the internal inductance, 
Lis of the alternator could be used to determine Co for any 
value of frequency (prf). However, this would imply that 
the option is present to select any value of turns ratio 
in the pulse transformer, which option was not present in 
this investigation from practical considerations. Lo was 


therefore set at 135-8 = 127 mh. 


The voltage relationships of tho modulator are 
specified by the oporating point picked for the magnetron. 
For a 5 kv peak pulse delivered to the magnetron, a 1 kv 
pulse is required from the artificial delay line. This 
specifies that the PFN must be charged to 2 kv prior to 
discharge and henes this in turn specifies the peak voltage 


to which Be charges as 2 kv. 


Now it is feasible to specify the turns to be 
placed on the cores. Both cores were of the same material 
but were manufactured by the Arnold Zngineering Co. and 
Magnetics, Ino. respectively, hence the trade names Leltamax 


and Orthonol. This material can be compered on Fig. III 
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with other square loop materials; it will be seen that the 
flux density swing is large, the coercive force isa low, the 
knees ere sharp and the flatness of the manufacturer's satura- 
tion date indicates a low value of saturated permeability. 


To compare dynamic performance, curves of 8 
were calculated, similar to that shown in Fig. XIII, From 
curront-voltegs relationships it wes found that e eiepnre in 
frequency in the region of 5 ke showed no significant 
departure from e mean for that frequency. The loop for 
3.12 ke is shown in the figure, for a #5307D1 core. The 
measured flux density swing was 2,500 gauss. The measured 
saturated permeebility was 2 for this care, This was 
Obtained by measuring the voltage ecross a saturated core, 
at 5 kc. The core, of course, was driven into saturation by 
a second auxlliery winding. wight stacked matehed Orthonol 
#50003 cores wore used for the second saturable core, The 
measured flux density swing, 2 B,, was 25,500 gauss with 
a saturated permeability of 12. 


Both cores developec considerables heat in the 
switching process under test. Waveforms became distorted 
under current drive after more than ten minutes of operation 
and ft wags therefore deemed necessary tO provide for operation 


of the cores under oil for cooling purposes, 
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For the main winding on the first stage core 
it was first necessary to cetermine the volt-time integral 


for 5 ke at a peak of 2 kv. This integral is given by the 
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= 4.7 not ampero turns desired for bias, (This value 
of bier on the first stage oore will displaoe its 
Belí charactoristis by en amount oquel to the cosralve 
forco, which will enable use of full flux swing.) 


MD ay “aop Eg 





253 empere turns effective(due to the average 
eurront Inici) 


Therefore tie amount of bias is determined by the 
éifference required to return the curve to the desired 
eooreivo force; this ts seen te bo 532-4.7, sey ¿0 supere tuens. 
Por sn arbitrary 50 turns oun the bias windlag, an amperage of 
-.96 amperes is required. 


The veltetime integral of the voltage waveform 
soross the IFN is obtained by integration of the enalyticel 
expression for this voltage, neglecting the second order effect 
ef magnetizing current im the second stage coro, 
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it Substituting values into this formula: 
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2000 W V 8:9 x .00375 x 10 
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18.1 x 107% volt seo. 
For the number of turns for the second stage core: 
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H لک د‎ x 10 
c X OX ll 


7 70 turns 2 
(A is „121 cm^ for one core) 


The saturated inductanee of the second stage core 


is computed to be: 


Lee ës - 22 CG 1079 (mixed English unita) 
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2 2.2 x 70° x 6 x .l121 x 1979 x 12 
2.54 x 1.58 


217.8 ph 


“Ly y” 8.9 mh 
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The last value should be satiafactory since it is 
of the estimated order of magnitude ef stray inductance in 
the magnetron eircult. 


The final computation in the design of the 
modulator Le to check the damping constaat of tho cherging 
elrcuit. Tho charging clreult conalats of the internal 
reslatance and srmature inductance of the alternator, in 
seriea with the externel inéuctance required for reronsnco 
and the shergins capacitor, Coe 


The pesistance necessary for oritisal damping is 
given oy examination of the expression for the locations of 
the poles of the complex frequency response ef the .۰ئ‎ 


خی — 


where: i * {nternal reaistance of the machine, A, 
totel inductance of the charging circuit, L t Ly 


LG * charging capacitance, C é 


"op eritical danplag the expression ander shoe 
raäloel is sero and thin oecurs when: 
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For the values used in the modulator it 18 seen 


that tris critical resistance is equal to; 





2 8500 ohms 


The ratio of this value of internal resistance to 


that reguired for critical damping is thus seen to be: 


- 85 25 


Prom which calculation it is assumed thet the 
damping effect is negligible. Therefore the waveform of 
the voltage across the charging capacitances should closely 
approximate the waveform of that obtained when damping is 
neglected completely, namely a waveform which cherges to 
3.1 x the exeitation voltage, whose volt-time integral is 
given by 1.1 x 3.1) x the velue of the excitation peak 
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